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As far back as 1877, Ran vier3l) demonstrated glycogen in the leucocytes of the frog with the help of iodine. In 1883, Ehrlich" studied the glycogen content in human leucocytes for the first time.
Since then a good number of papers dealing with the staining of polysaccharide including glycogen, have been published.
The action of periodic acid (III04) upon polysaccharides is fairly well understood since the studies of Malaprade (1928, 1934) ".20). It is said that McManus (1946) is the first research worker who utilized the Malaprade periodic-acid reaction for the histochemical identification of polysaccharides. This is based on the development of polyaldehydes which are stained with Schiff's reagent. Since McManus (1946)), Lillie (1947) 18 ) and Hotchkiss (1948)1 have applied this periodic acid-Schiff (PAS) reaction to the polysaccharide staining, the reaction of blood cells has been studied by many investigators. Other than Wachstein Tor yu and Is hid a (1952, 1953) 32'33) have already made a comparative K. Sugiya ma study of animal blood cells using the L ill i e's modification, and emphasized a particular intensity of the PAS reaction in amphibian and horse's neutrophil leucocytes.
It is well known that the cells containing blackish brown pigments are rarely found in the streaming blood of some higher vertebrates. W er z b er g (1911)°) named these cells in the amphibian blood " Pigmentleukozyten", and Jordan (1925 Jordan ( , 1938 used "pigmented leucocytes" for these in his first paper (Anatomical Record, 1925)13) as well as in his Comparative Hematology in Down ey's Handbook of Hematology (1938) .15' Thereafter many further investigations of the cells have been made on a variety of animal species. However, both the cytological character and the hematological origin of the cells are not always the same according to the investigators.
The comparative study of animal blood cells with the peroxidase stain has been reported in a recent paper by Nakamura (1955) 29 ) at our laboratory. He stated that human and anura generally contained the most intense peroxidase reacting substance in the leucocytes, and pointed out its similarity between men and anurans.
The present study was undertaken as part of a series of investigations on the comparative hematology at our laboratory. The intensities of the PAS reaction and peroxidase reaction were compared on a variety of animal blood cells, and simultaneously the presence or existence of the pigmented leucocytes in the peripheral blood as well as the peroxidase reaction of these were examined.
These points are the chief purpose of this paper. Considering that the comparative morphology of blood cells has been advanced chiefly by means of the R o ma no w sky staining, it is interesting to know that a new field of comparative hematology can be opened by various histochemical methods.
Materials and methods
This comparative study was made on 34 different animals, 216 cases in all. As controls 15 human subjects were used. The kind and number of the animals examined were as follows. The number is shown in parentheses respectively.
I. Mammals
Monkey (Macacus fuscatus, Japanese macaque) (1) Cattle (4) Horse (5) Pig ( The peripheral blood was taken from the subcutaneous vein, tail or heart and smear preparations were made. Besides this, tissue sections or imprint prCparations of various organs of cold-blooded animals were made for the study of the pigmented cells. 
I. Results of the PAS reaction
In general, human leucocytes contain a large amount of the PAS reactive substance. Among leucocytes in the peripheral blood, the neutrophil shows the strongest reaction diffusely in the cytoplasm, and the eosinophil shows a weaker reaction in its ground substance or in its intergranular spaces. In the basophil leucocytes, monocytes, lymphocytes and blood platelets, are also found the PAS reactive granules in various degrees. The periodic acid technic gives light red purple in a weak reaction, while darker purple in an intense reaction. It should be noted that the neutrophils in the peripheral blood frequently indicate an intense PAS reaction in the extreme margins of the cell bodies, and that the PAS reactive substance of the leucocytes stain either homogenously or granularly. As regards the appearance of the reactive substance, we should always take into account that according to the Altman n' s freezing method" , the glycogen within the cell is present in solution and the granular appearance in fixed preparations is due to its precipitation by the fixatives such as alcohol. Furthermore, Er th-ik O' s description3' of this problem is of interest ; he stated that the unstained spotted appearance of the human neutrophils in the alcohol-fixed blood smears stained with the PAS method only, is due to the lipoid granules, and that in the eosinophilic leucocytes, similarly, the intergranular spaces only are stained by the PAS method.
The detailed results obtained for the appearance of the PAS.
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K. Sugiyama reactive substance in the neutrophil and the eosinophil leucocytes of various kinds of animals, together with the results in human leucocytes as controls, are given in Tables 1 and 2. The animal neutrophils described in these Tables include the pseudoeosinophil leucocytes in rabbit, guinea pig, birds and in tortoise, and the bichromatophil leucocytes in snake, lizard, tortoise and in amphibia.
The animal eosinophil leucocytes in these Tables include the leucocytes with spherical eosinophil granules stainable with the eosin solution although these granules are of different size and form (occasionally hybrid granules) and of different stability to the fixatives according to the animal species.
The resistance of the PAS reactive substance in the leucocytes has been recently reported by Maruyama et al. (1953, 1954, 1955) 2' 2' ID at our laboratory.
As will be seen later, the speciality of the glycogen reaction of the animal blood cells generally exists in the neutrophil leucocytes. 1) Neutrophil leucocytes.
As demonstrated in Tables 1 and 2 , the amount of the PAS reactive substance (glycogen) in the neutrophil leucocytes showed a wide variation among many kinds of animals as well as in one and the same animal species.
For instance, in mammalian cases the neutrophil leucocytes of horse contained the greatest amount of it, while those of hamster and black rat contained a very small amount of it ; some of the neutrophils of newts indicated a stronger PAS reaction while others indicated a weaker reaction than human neutrophils.
As to the average intensities of the PAS reaction of the animal neutrophil leucocytes, the following points were made clear : a) Human neutrophils belong to the intense group among the vertebrates examined.
• b) The neutrophils of the horse, toad, newt, frog ( Fig. 2, 10 ) and tadpole (of frog), frequently indicate a more intense reaction than human neutrophils, in other words, they belong to the most intense group among the vertebrates. c) In general the amphibian neutrophils indicate an intense reaction, and the reptilian neutrophils (= bichromatophils) indicate a moderate reaction, while the avian neutrophils (=pseudoeosinophils) indicate the weakest reaction among the vertebrates.
Namely, depending upon the intensity of the neutrophils, the following three groups are classified as shown in Table 2: 1. The amphibian group (intense reaction) 2. The reptilian group (moderate reaction) 3. The avian group (weak reaction) The mammalian neutrophils showed a great variation of the reaction intensities from the strongest to the weakest as mentioned above.
It has already been reported by some authors9' that human mature leucocytes are more intensely PAS-reactive than the immature ones, namely the polymorphonuclear leucocytes show the most intense reaction.
d) The slightest PAS reaction of the neutrophils in ayes and tortoise, is thought to be based on the eosinophilic character of the granules. Table 2 . Comparison of the PAS reaction intensities of animal leucocytes. 4ff (most intense), 4ff (intense), (moderate), + (weak), ± (weakest)
2) Eosinophil leucocytes.
The PAS reaction demonstrated a specific intergranular or pengranular coloration in the eosinophil leucocytes, so that the eosinophil granules appear just like coarse vacuoles. This coloration was a corn-204 K. Sugiyama mon finding among all the animals examined.
It can also be said that the ground substance of the eosinophil leucocytes was stainable with the PAS method, while the eosinophil granule itself was generally not. Therefore the PAS reaction of the eosinophil as a whole cell seems much weaker than that of the neutrophils.
This ground substance of the eosinophil was homogenously stained with the PAS method in most cases of the animals, but a certain amount of violet fine or coarse granules were found in the ground substance in man, guinea pig, lizard and snake. Furthermore it should be noted that the eosinophil granules were occasionally stained in slight degree with the PAS method only in the reaction intense group of the neutrophils such as horse ( Fig. 6 ), cattle, Trigonocephalus and tadpole, in which case the PAS reaction occurred both in granules and ground substance of the eosinophil leucocytes. Wislocki, Rh e i ngol d and Demps y (1949)41) already described that the eosinophil granules of the eosinophil leucocyte in the rhesus monkey's as well as rabbit's bone marrow, stained dark red or pale red by the periodic acid technique.
As to the weak PAS reaction of the pseudoeosinophils in the bird, the same interpretation as in the mammalian eosinophils can be given. These avian bacillary pseudoeosinophil granules were essentially PAS negative while the intergranular substance was positive.
Because of the resemblance in the PAS reaction of these two leucocytes it may be thought that the eosinophilic or pseudoeosinophilic character of the leucocytic granules indicates either the weakest or negative PAS reaction with exception of the pseudoeosinophil leucocytes of rabbit and guinea pig, and that the PAS reaction of the eosinophil leucocytes with spherical granules and of the pseudoeosinophil leucocytes with bacillary granules, generally depends upon the ground substance of the cytoplasm.
3) Other blood cells.
The animal monocytes were generally PAS reactive although in slight degree as compared with the neutrophils.
In man, horse, duck, tree frog, Rana nigromaculata and in tadpole (of frog), a certain number of fine violet granules were frequently demonstrated in the monocyte cytoplasm.
The ectoplasmatic zone of the monocyte generally stained deeper than the endoplasmatic zone-this relation is similar to the stainability of the neutrophils.
The PAS reaction occurred in the majority of human lymphocytes, and fine violet granules could be found in their cytoplasm.
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The reaction of the animal lymphocytes was generally weaker than that of the monocyte, and the PAS negative lymphocytes were often seen in various animals.
A certain number of the lymphocytes in the cold-blooded animals such as snake, tortoise and frog, indicated relatively intense PAS reaction.
The blood platelets were commonly PAS reactive, and gave an especially intense PAS reaction in the snakes such as striped snake and Trigonocephalus, in which case the deeply stained large clump was located in both poles of the platelets (Fig. 3, 8 ). In the blood.
platelets of other cold-blooded animals such as tortoise, Rana nigromaculata and newt, large reactive clumps as in the snake, could not be seen. In avian platelets very fine reactive granules were demonstrated in their ectoplasmatic zone. The human platelets consistently indicated intracellular PAS reactive clumps much smaller in size than in the snakes.
The PAS reaction of animal erythrocytes were slightly positive in which case the cytoplasm diffusely stained faint red purple and the reactive granules were commonly lacking.
However, it is of interest that fine deep violet granules distinctly appeared in a large number of the goat's erythrocytes under the PAS reaction, and that these reaction positive granules did not appear under the hematoxylin staining (counterstaining) alone. In the PAS reaction of the blood basophil leucocytes, it was quite impressive that the basophil granules of newt's basophil leucocytes, stained deep violet ( Fig. 10 ) and the tor to is e's basophil leucocytes stained just like eosinophil leucocytes where the granule itself was unstained and only the intergranular zone was deeply stained (Fig. 4, 5) , so that the tortoise's basophil leucocytes may often be confused with the eosinophil leucocytes due to the special staining quality.
The character of the basophil granules will be discussed later.
4) Salival digestion test.
The salival digestion test was carried out on some animal blood cells by the use of a 50 per cent buffered solution (pH 7.0) of human activating parotid saliva.
As shown in Table 3 , the PAS reactive substance in the neutrophil or bichromatophil leucocytes was generally digestible in saliva, while the substance in the general eosinophil and avian pseudoeosinophil leucocytes, namely, the intergranular, ground substance of them resisted the salival digestion. From the result of this digestion test it is thought that the PAS reactive substance in the neutrophil series is probably glycogen while the substance in the eosinophil series is mucopolysaccharide or something else. Furthermore, it is demonstrated in Table 3 that the PAS reactive substance in the blood platelets or thrombocytes is not pure glycogen, and that, unlike human and frog's neutrophils, the PAS reacting substance in the neutrophils (=bichromatophils) of the snake is not perfectly digested. 5) The PAS reaction in the hibernation.
As to the difference of the reaction intensities of the leucocytes in the hibernation and posthibernation, the bichromatophil leucocytes of frogs and snakes were compared.
The experimental results revealed that the PAS reactive substance in the leucocytes did not diminish during the hibernation, moreover, the leucocytes in the hibernation were occasionally more PAS reactive than in other season of the year. For instance, the reaction of the bichromatophil leucocytes of the Rana nigromaculata were * (intense) to I+ (moderate) in the posthibernation, while iiit (most intense) to * (intense) in the hibernation. That
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II. Discussion
of the PAS reaction 1) Intensities of the PAS reaction in animal blood cells.
The general description of Wachstein"', Wislock i"), Gibb'' and II ib ine is that among human granulocytes the neutrophil shows the strongest polysaccharide reaction and the eosinophil leucocyte shows negative reaction except the intergranular substance, and that the reactive substance of the neutrophil is digestible in saliva while that of the eosinophils is not.
In the present investigation these characteristic features were also comfirmed in human and animal blood cells.
Toryu and Ish id a"' described that the neutrophils of cold-blooded animals as well as of most mammals contain a great amount of glycogen, while those of birds (pseudoeosinophils) contain no glycogen at all. They described further that 1) the most intensely PAS reactive leucoyte is horse's neutrophils, 2) amphibian neutrophils consistently indicate an intense reaction, and that 3) most of lymphocytes of cold-blooded animals such as tortoise, tritons, and frogs contain a certain amount of glycogen, while the lymphocytes of warm-blooded animals are generally PAS negative.
In the present study the most intense group was not only the neutrophils of horse but also those of toad and tadpoles, and the neutrophils of Rana nigromaculata and of newt occasionally indicated a more intense PAS reaction than human neutrophils.
The neutrophils of hamster and rat consistently indicated a weak PAS reaction, and avian pseudoeosinophil leucocyte as a whole indicated the weakest reaction agreeing with the results of Tor yu and Ish id a."'
In short, both horse and amphibia are characterized by the strongest PAS reaction of the neutrophils, birds are by the weakest reaction of the pseudoeosinophils, rodents excepting guinea pigs ( Fig. 11 ) are generally of the weakest reaction among the neutrophils, snakes are of the strongest reaction of the blood platelets, and men are of the kind of relatively strong reaction among the neutrophils.
As to the PAS reaction of the eosinophils, a remarkable difference could not be found among the animals examined.
2) Relationships between the PAS and peroxidase reactions.
The peroxidase reaction intensities of animal blood cells have been widely discussed by Mitsui et al. (1954 Mitsui et al. ( , 1955 29 Amphibia, horse and man belong to a group where both peroxidase and PAS reactions of neutrophil leucocyte are especially intense. Ayes are also a peculiar group where the pseudoeosinophil leucocyte are peroxidase negative and almost PAS negative. Regarding the eosinophil leucocytes, however, remarkable differences can be found between the intensities of the peroxidase and PAS reactions. For instance, eosinophil leucocytes of cat, Urodela ( Fig. 7) and Trigonocephalus are entirely peroxidase reaction negative, while these are PAS-reaction positive in almost the same degree as in man or horse. Further, it must be noted that essentially peroxidase negative mature granulocyte can be occasionally found in animals, but that essentially PAS-reaction-negative granulocyte can not be found in all the animals examined. The PAS reactive sub-, stance in the blood cells is mainly polysaccharide, while the peroxidase The Periodic Acid-Schiff Reaction of Blood Cells and the Appearance 209 reacting substance is hemoprotein which possesses particular staining quality with the histochemical method. Wachstein (1949)38' reported that even blood films several years old gave very satisfactory PAS reactions, agreeing with the results of the peroxidase reaction reported by Tsu kamo to (1951)1D.
3) Saliva! digestion test and hibernation.
Ma ruya ma (1954)23' stated that most of the salivary corpuscles indicated negative or slightly weak PAS reaction due to the salivary digestion in the oral cavity. In addition to this, he stated that neutrophil leucocytes indicating more intense PAS reaction than the blood neutrophils, were rarely seen in human saliva and that this was due to the fact that the salivary contained polysaccharide other than glycogen digestible in saliva. However, as far as human neutrophil leucocytes are concerned, their PAS reactive substance is probably pure glycogen, namely, the substance perfectly digestible in saliva. On the other hand, the neutrophil leucocytes in the broad sense of fowl and snake, contain the PAS reactive substance which is not perfectly digested by saliva.
According to H ib in 0 and Yasu ma42) the basophil granules in human mature as well as immature blood basophil leucocytes are digestible in saliva, agreeing with my experimental results, disagreeing with the results of W ad a (1954) who stated that the basophil granules of human and tortoise's blood basophil leucocytes, resisted the saliva! digestion and probably belonged to the acid mucopolysaccharide. But the essential nature of these granules remains still obscure to-day.
According to Wislocki (1949) 4D, Hibino (1950), Yasuma (1950)42' and Tor y u (1953)), human blood platelets are digestible in saliva, but in the present investigation, the blood platelets of man, rodent, fowl and snake were not completely digested by 2 hour exposure to human parotid saliva at 37°C.
As already stated, eosinophil leucocytes encountered in human blood smears showed a pink to reddish cytoplasm with clear granules , and this staining did not disappear entirely after preliminary exposure to saliva. In other words, the intergranular substance of the eosinophil leucocytes is generally indigestible by saliva.
As to this salival digestion test the description of W is lock i et al. (1949)4D is of interest. They described that the eosinophil leucocytes in rhesus monkey's bone marrow were quite deeply stained, the eosinophil granules appearing dark red against a paler background, and that this staining was not prevented by treatment with saliva. Furthermore they stated that the eosinophil leucocytes of rabbit's bone marrow also contained exceptionally large granules which stained a pale red by the periodic acid technique, and that this staining was not influenced by previous treatment with saliva.
Tor yu and Is h i da (1953)33' examined the glycogen amount in neutrophil leucocytes, liver, and in heart of rabbits and rats in starvation. In this experiment, the glycogen amount in the neutrophils disappeared at 7 to 9 days after starvation and the amount in liver also disappeared at the same time (both were deposit glycogen or labile glycogen), while the amount of the impulse conducting system of the heart was still found in normal state (functional glycogen or stable glycogen). Judging from these results during starvation, it is supposed that the neutrophil leucocytes of cold-blooded animals contain smaller amount of glycogen in the hibernation than in the posthibernation or other warm season of the year. But, as already described the PAS-reaction-intensities of neutrophil leucocytes of Rana nigromaculata did not show any enfeeblement even at the end of the hibernation. And yet, this reacting substance was distinctly digested by saliva as in cases of human neutrophils. Furthermore, it was confirmed in the present study that the eosinophil leucocytes of a tortoise increased in number during the hibernation, while the basophil leucocytes decreased. On the same findings, Mich ei s (1923)25) already reported. as follows : Chrysemys picta (turtle), studied in the early fall, showed a basophil count of 65.5 per cent, and an eosinophil count of only 12.5 per cent ; the blood of Clemys leprosa (turtle), studied in mid-winter, contained 75 per cent eosinophils and only 7 per cent basophils. He seems to believe that the numerous eosinophils of the turtle may at some other season of the year become transformed into mast leucocytes. But Jordan15) described that in turtles, basophils are unripe eosinophils and that eosinophils with fusiform granules represent a definitive condition. These hematopoietical relationships, however, could not be made clear by the present investigation.
III. Results of the pigmented leucocytes
In this study, a small variable number of pigmented leucocytes were demonstrated in the streaming blood of some cold-blooded vertebrates, for example, newt (Triturus pyrrhogaster), salamander (Onychodactylus japonicus), toad (Bufo vulgaris), frog (Rana nigroma-The Periodic
Acid-Schiff
Reaction of Blood Cells and the Appearance 211 culata), tadpole (frog's) and lizard (Takydromus tachydromoides). The number of cases where the pigmented leucocytes could be found in the blood is shown in Table 5 . Table 5 . The appearance of the pigmented leucocytes in the animal peripheral blood.
* The relationships between the appearance of these pigmented leucocytes and the experimental seasons of the year are demonstrated in Table 6 .
In newts, the pigmented leucocytes were generally polymorphonuclear and include fine blackish brown granules. These nuclei had 4 to 5 lobes which were orthophenylenediamine reaction negative. It is of interest that the polymorphonuclear pigmented leucocytes in blood are peroxidase reaction negative while polymorphonuclear neutrophil leucocytes in blood are intensely positive.
Besides the pigmented polymorphonuclears, the monocytes containing fine pigment granules in the cytoplasm were occasionally seen. The number of pigmented leucocytes in the newt, if present, was very small and always came to below 1 per cent of the whole leucocytes (1.0-0.6%). On the other hand, the pigmented cells found in the tissue sections or imprint specimens of the newt's liver, possessed commonly one spheroidal or ellipsoidal nucleus located peripherally, their pigment granules were more densely packed in the cytoplasm than the pigmented leucocytes in blood.
The pigmented leucocyte was also demonstrated in the blood of a case of salamander out of five. This leucocyte had one ellipsoidal nucleus located almost centrally, and contained fine brown pigment granules diffusely arranged in the cytoplasm.
The number of this pig-mented leucocyte amounted to 1 per cent of all the leucocytes. The NAS-Benzidine reaction of this pigmented leucocyte was entirely negative whereas that of the neutrophil leucocyte in the same salamander blood was intensely positive. The pigmented leucocytes in the toad blood, comprised only 0.5 per cent of the whole leucocytes. The pigmented leucocytes had a reniform nucleus or polymorphous nuclei. The pigmented leucocytes in the lizard blood, had generally one nucleus locating peripherally, which was slightly orthophenylenediamine reaction positive. In the blood of Rana nigromaculata, monocytes which contained fine black pigment granules were rarely found.
These pigmented monocytes amounted to 0.3-0.7 per cent of the whole leucocytes.
On the other hand, the pigmented leucocytes were found much more frequently in the tadpoles than in other animals examined, namely as 11 tadpoles out of 17, contained the pigmented leucocytes in the streaming blood (in June). They were mostly polymorphonuclear, and some of them contained one nucleus with obscure contour. The pigment granules packed in these leucocytes of the tadpoles appeared in larger amount than in newts, salamanders, frogs or toads.
In various organs of amphibia or reptiles, the genuine pigmented cells were often found as compared with the mammalian organs. These pigmented cells, however, differed from the pigmented leucocytes described above in the form of cell and in the density of the pigment granules.
The pigmented cells appearing in the organ were frequently elongated cells with short irregular outgrowths ( Fig. 1, No. 4) ; the cytoplasm contained densely arranged fine blackish brown granules. But some of them were morphologically similar to the pigmented leucocytes in the streaming blood.
. In my own experiments, the pigmented cells were demonstrated in the liver (newt, frog, toad, lizard), spleen (newt, frog, toad, lizard), pancreas (newt, toad), lung (newt, toad), kidney (newt), and on the serosa of the ovarial region (newt). These were tested by means of the tissue sections or imprint preparations of the organs. It was noted here that the pigmented cells occurred in the liver and ovarial serosa in the largest number while they occurred in the toad's organs Table 6 . Appearance of the pigmented leucocytes in the streaming blood of amphibians and reptiles. -(negative), + (positive)
in the smallest number. The result of this ovarial serosa is of interest considering the fact that in female toads and frogs , according to Jordan (1925)13), the pigment granules have their origin in the large part from degenerating ova. On the other hand, the pigment content of the liver cells in the tissue section of the newts was very meager.
As to the difference between the numbers of the blood pigmented leucocytes in the hibernation and posthibernation, no definite conclusion could be obtained here. (See Table 6 ).
IV. Discussion of the pigmented leucocytes
According to the investigations hitherto reported, the pigmented leucocytes in the streaming blood are demonstrable in tortoise, terrapin, lizard, Chamaeleon, toad, frog, newt, salamander, bowfin (Amia calva) and amphioxus etc. Namely, with few exceptions, the streaming blood of reptile and amphibia, generally contains the pigmented leucocytes although in far smaller numbers than the other leucocytes.
Regarding the ancestral cells of the pigmented leucocytes, several theories have been advanced.
Grünberg 1901)" considered that the pigmented leucocyte belongs to a large monocyte or transitional cell. Friedsohn (1910)4) named the pigmented cells in amphibian blood " Pigmentleukocyten " and thought that th e cells are characteristic leucocytes in higher vertebrates, and that they have their origin from lymphocytes.
Furthermore, he described a small number (0 .7%) of pigmented leucocytes in adult toad ; these leucocytes are similar to the pigmented cells of the frog, and include monocytes and polymorphs. The pigment granules of these cells have the significance of ingestion products. Werzberg (1911)4° stated that the pigmented leucocytes in blood could be demonstrated only in 2 species (Chamaeleon and Lacerta viridis) out of over ten different reptilian species, and that the pigmented leucocytes belong to the lymphocytes.
On the other hand, Usui (1922 Usui ( , 1923 stated that the pigmented leucocytes were occasionally found in the streaming blood of amphioxus (1922 a), toad, frog, newt, salamander (1922 V'', lizard, tortoise and terrapin (1923)37), and that 1) the nucleus of them was generally mononucleate, ellipsoidal, locating peripherally, and was rarely polymorphous, 2) the pigment granules were generally fine, spherical, and rarely in spindelform (in the terrapin),
3) the pigmented leucocytes were stabile oxidase reaction negative, while labile oxidase reaction positive, 4) these leucocytes phagocytosed a variable number of carmine The Periodic
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in the vital staining test, and 5) they were probably the blood cells with histiocytic characteristics. Regarding the pigmented leucocytes, Jordan (1938)15' described : 1) Some of the thrombocytes of urodela contain a variable amount of black granular pigment.
Such cells are especially numerous after a prolonged period of starvation. The pigment may be massed at one pole or it may be mingled with the specific oxyphile granules at both poles. No evidence appears to suggest a transformation of oxyphile granules into these pigment granules.
The granules suggest carbon particles, and most probably signify ingestion products, perhaps nuclear debris. 2) A certain number of monocytes of terrestrial salamander, Plethodon cinereus contain pigment granules.
The spleen of this salamander contains also a small variable number of macrophages with erythrocyte debris and pigment granules.
3) In the newt, Diemyctylus pyrrhogaster, plasma cells and Russelbody-cells appeared in the blood after splenectomy ; and pigmented leucocytes increased from 1 to 30 per cent.
4) The blood of toad (Bufo vulgaris) may contain pigmented monocytes as well as pigmented polymorphonuclear leucocytes.
In female toads and frogs the pigment granules have origin in large part from degenerating ova (Jordan, 1925'3' Table 7 ). Recently Ho r i i (1953)"' described that the pigmented leucocytes in amphibian blood were nothing but the monocytes and that they were formed in the wall of serosa in the kidney region (mesonephroi).
Considering these statements, the pigmented cells in the streaming blood include macrophage, monocyte, polymorphonuclear leucocyte or thrombocyte, in other words, the pigmented leucocytes hitherto reported are of different nature according to the animal species, and the interpretation of their ancestral cells is not always determined .
( Table 7 ).
In the present study, the pigmented leucocytes in blood have been 216 K. Sugiyama examined with special reference to the peroxidase reaction. Their pigment granules were fine, spheroidal and of black, brown or yellowish brown color.
The pigmented leucocytes were generally polymorphonuclear or mononuclear, and those of newt were mostly polymorphonuclear.
It should be noted, however, that they were generally peroxidase reaction negative whereas the genuine neutrophil leucocytes in the same blood of amphibia and lizard were the most intensely reaction positive among the leucocytes of higher vertebrates r-29).
Judging from these, the pigmented leucocytes are probable phagocytic leucocytes or degenerating leucocytes due to the phagocytosis of a certain amount of pigment granules, in other words, these granules in the leucocytes probably have the significance of ingestion products. 
Summary
This comparative study was made on 34 different species of vertebrates, 216 cases in all, from monkey to urodela.
The periodic acid-Schiff (PAS) reaction of blood cells, with and without the use of saliva, was examined, some in more detail than others.
The presence or existence of the pigmented leucocytes in the streaming blood was simultaneously tested from the standpoint of comparative hematology.
As to the PAS reaction intensities of neutrophil leucocytes, the following three groups could be classified : firstly amphibian group, the strongest ; secondly reptilian group, the moderate ; and thirdly avian group, the weakest reactive group.
The mammals generally indicated a wide variation ranging from the strongest group to the weakest group. Among these, however, the neutrophils of horse, toad and tadpole indicated a particularly intense reaction.
The PAS reaction of human neutrophils was weaker than these, but stronger than the other mammalian, reptilian or avian groups. This relationship is somewhat different from the results of the peroxidase reaction where human neutrophils consistently indicated the strongest reaction in all kinds of vertebrates.
Generally speaking, it was also noticed that there was a certain parallel in the glycogen and peroxidase reaction activities in the animal neutrophils, while not at all in the animal eosinophils.
The eosinophil leucocytes, whenever present, contained the PAS reactive substance in their intergranular or ground substance, agreeing with the localization of the alkaline phosphatase reaction.
The PAS reactive substance of them was hardly digested by saliva as in the avian pseudoeosinophil leucocytes.
Regarding the reaction intensities of the eosinophils, particular racial variations, namely, significant phylogenetical relations could not be found. It is worthy of note that the glycogen content in the neutrophils of the cold-blooded vertebrates did not decrease even at the end of hibernation.
Again it was interesting to find that the snake's blood platelets contained the largest clump of the PAS reactive substance, and that the rodents except guinea pig were generally characterized by the relatively weak PAS-reaction of the neutrophils. In short, as to the periodic acid-Schiff reaction, a continuous evolution of blood cells could not be found, and profound gap in the phylogenetical relationship was distinctly shown between mammalia and ayes.
The pigmented leucocytes in the streaming blood could be seen in the cold-blooded animals, while not in the warm-blooded animals. They were rarely found in lizards, frogs, toads, newts and salamanders, while frequently found in tadpoles. The pigmented leucocytes, if present, generally came to below 0.5 per cent of the whole leucocytes in each animal.
They possessed the character of monocytes or polymorphonuclears, which phagocytosed a certain amount of the pigment granules, and indicated negative peroxidase reaction.
The author wishes to express his gratitudes to Professor Mitsui for his kind advice during the course of this study. Fig. 7 . Peroxidase reaction in Urodela (Hynobius tokyoensis); n (peroxidase reaction positive neutrophil leucocyte), e (peroxidase reaction negative eosinophil leucocyte). ca 540x. Fig. 8 . Periodic acid-Sc hi f f reaction in striped snake; e (eosinophil leucocyte) , bi (bichromatophil leucocyte), th. (thrombocyte). ca 600x. Fig. 9 . Periodic acid-Schif f reaction in Trigonocephalus (noxious snake); basophil leucocyte showing reaction positive granules. ca 600x. 
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